In this study, cytotoxicity, anti-mildew and anti-wood-decay fungal activities of the bark essential oil and its constituents from Cunninghamia lanceolata var. konishii were evaluated in vitro against three human cancer cell lines, seven mildew fungi, and four wood decay fungi, respectively. The main compounds responsible for the cytotoxicity, anti-mildew, and anti-wood decay fungal activities were also identified. The essential oil from the barks of C. lanceolata var. konishii was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS, respectively. The bark oil mainly consisted of ferruginol (15.1%), β-caryophyllene (11.2%), -cadinol (10.9%) and cedrol (10.1%). The essential oil exhibited cytotoxic activity against human oral, liver, and lung cancer cells. The active source compounds were -cadinol, cedrol, β-caryophyllene, and ferruginol. The bark oil was shown to have excellent anti-mildew and anti-wood-decay fungal activities, the active compounds being evaluated as -cadinol, cedrol, and ferruginol.
Cunninghamia lanceolata var. konishii (Hay.) Fujita (Taxodiaceae) is an endemic coniferous tree of Taiwan and is distributed in northern and central Taiwan at altitudes of 1,300~2,000 m [1] . It is one of the five "precious" conifers in Taiwan [2] . The phytochemical components of wood, bark, heartwood, leaves, and whole plant of C. lanceolata var. konishii have been investigated [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Our previous report indicated that the heartwood oil of C. lanceolata var. konishii and the cedrol contained therein have anticancer and anti-bacterial activities [16] . However, no prior study has investigated the chemical composition and biological activity of the bark essential oil. Thus, we used hydrodistillation to collect the bark oil, which was analyzed its chemical composition by GC-FID and GC-MS. In the second part of the study, we examined the in vitro cytotoxicity, anti-mildew and anti-wood-decay fungal activities of the essential oil. The purpose of this study was to establish a chemical basis for effective multipurpose utilization of the tree species.
Based on the dry weight of barks, hydrodistillation of C. lanceolata var. konishii produced dark-yellow-colored oil with yield of 1.26 ± 0.03 mL/100g. All compounds are listed in order of their elution from the DB-5 column (Table 1) . A total of 26 compounds were identified from the hydrodistillated bark oil of C. lanceolata var. konishii. Oxygenated sesquiterpenes were predominant (33.0%), followed by diterpenes (26.9%), sesquiterpene hydrocarbons (25.3%), oxygenated sesquiterpenes (9.1%), and monoterpene hydrocarbons (5.3%). Among the oxygenated sesquiterpenes, -cadinol (10.9%) and cedrol (10.1%) were the chief compounds. Of the diterpenes, ferruginol (15.1%) was the main compound. β-Caryophyllene (11.2%) was the major component among the sesquiterpene hydrocarbons. Thus, the bark oil composition on C. lanceolata var. konishii represents the first such report in literature.
Malignant tumors, in particular oral, liver, and lung, are a principal cause of death in Taiwan, as also in many industrialized countries. Thus, firstly, to evaluate the cytotoxicity potential of C. lanceolata var. konishii bark essential oil, we tested its effect on the viability [26] [27] [28] [29] , α-cadinol is reported to be cytotoxic against three human cancer cell lines, including A-549, MCF-7, and HT-29 [30] , while cedrol was shown to destroy A-549 human cancer cell lines [31] [32] . In addition, ferruginol was cytotoxic to A549, HT-29, and MCF-7 cancer cell lines [33] [34] . This is the first report on the anticancer activities of C. lanceolata var. konishii bark essential oil against human oral, liver, and lung cancer cells.
To tested the anti-mildew fungal activities of C. lanceolata var. konishii bark oil, seven mildew fungi were tested in accordance with the ASTM G21, JIS Z 2911, and ATCC test method. These mildew fungi were included Aspergillus clavatus (A. [18] , Litsea cubeba [19] , L. coreana [20] , Machilus thunbergii [21] , Juniperus formosana [22] , and Neolitsea parvigemma [23] the bark essential oil was superior ( Table 3 ). The results verified that C. lanceolata var. konishii bark oil has excellent anti-mildew fungal activities. In addition, the main components of C. lanceolata var. konishii bark oil were individually tested for their MIC and IC 50 values are shown in Table 4 . The results indicated that the active source compounds were -cadinol, cedrol, and ferruginol. Previous studies support the contention that these compounds have significant activity for suppressing microbial growth [38] [39] .
Finally, in an effort to determine the anti-wood-decay fungal activities of C. lanceolata var. konishii bark essential oil, 4 fungi were tested, 2 strains of white rot (Trametes versicolor and Phanerochaete chrysosporium) and 2 strains of brown rot (Phaeolus schweinitzii and Lenzites sulphureu). The MIC values of the bark oil against these four wood decay fungi are shown in [40] , M. pseudolongifolia [41] , M. philippinensis [24] , Calocedrus formosana [25] , J. formosana [22] , and L. mushaensis [42] , the bark essential oil was superior ( Table 5 ).
The results verified that C. lanceolata var. konishii bark essential oil has excellent anti-wood-decay fungal activities. The main ingredients of C. lanceolata var. konishii bark essential oil were individually tested for their anti-wood-decay fungal activities. The results indicated that the anti-wood-decay fungal index were in the order of -cadinol > cedrol > ferruginol > β-caryophyllene. At a concentration of 50 μg/mL, α-cadinol showed total growth inhibition against all the white-rot and brown-rot, while cedrol at 50 μg/mL concentration could completely inhibit brown-rot fungi but partially inhibit white-rot fungi, while ferruginol at 50 μg/mL Bark essential oil of Cunninghamia lanceolata var. konishii Natural Product Communications Vol. 13 (6) 2018 777 could partially inhibit white-rot and brown-rot fungi (Figure 1) . The results agree with those of Kondo and Imamura [43] , Tumen et al. [44] , Rudman [45] , and Chang et al. [46] . Thus, the excellent wood-decay-fungi inhibitive activities exhibited by C. lanceolata var. konishii bark essential oil could be attributed to the presence of compounds such as -cadinol, cedrol, and ferruginol. Component identification: Identification of the bark oil constituents were based on comparisons of kovats index (KI) [17] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [17, 47] , respectively.
Cell culture: Human oral squamous cancer OEC-M1 cells, human hepatocellular carcinoma J5, and human lung adenocarcinoma A549 were obtained from ATCC (Rockville, MD, USA) and propagated in RPMI-1640 medium supplemented with 10% heat inactivated FCS and 2 mM L-glutamine (Life Technologies, Inc., MD), and cultured in a 37°C, 5% CO2 incubator.
Cell viability assay:
The cytotoxicity of the essential oil was assessed using the alamarBlue® proliferation assay according to a protocol from AbD Serotec. Cells (3000 cells/well) were incubated with either essential oils (dissolved in DMSO, final 0.1% DMSO in medium) or vehicle control (0.1% DMSO) for 24 h and 48 h, followed by replacing with fresh medium containing 10% alamarBlue® reagent for an additional 6 h. The absorbances at 570 nm and 600 nm were measured by a microplate reader. All values are given as means ± SD of 3 independent experiments. . Antifungal assays were carried out in triplicate and data were averaged. Different concentrations of the essential oils (12.5-500 μg/mL) were added to sterilized potato dextrose agar (PDA). The test plates were incubated at 27ºC. When the mycelium of fungi reached the edge of the control plate, the antifungal index was calculated as follows: Anti-fungal index (%)= (1-Da/Db) X 100, where Da is the diameter of the growth zone in the experimental dish (cm) and Db is the diameter of the growth zone in the control dish (cm).
